Neurological Complications of Cardiac Surgery
These complications, physical or psychological, arise in three ways: they may be part of the disease itself; they may be complications of the procedure carried out within the heart; or they may result from the nature of the method used to keep the patient alive during the intracardiac procedure. In my practice this is extracorporeal circulation using a pump oxygenator.
The most important psychological complication is the well-known 'depression' following mitral valvotomy. This usually appears about three days after the operation and is so common that it is worth while warning patients that they are likely to be upset in this way. A similar state is sometimes seen after operation with extracorporeal circulation, but these patients are often somewhat disorientated and their state seems to vary considerably from hour to hour or day to day. This has appeared more often since the introduction of clear fluid priming of the pump oxygenator and recovery appears to coincide with water loss produced by diuretics.
A more subtle complication is seen in patients with complete heart block who, when suffering from a slow rate low cardiac output, often feel extremely dull and may even appear stupid. Cardiac pacemaking at the appropriate rate produces a dramatic change in their outlook and apparent improvement in intellectual ability. The patients often comment on this change. Failure to produce this improvement is a complication which should be regarded as an indication that the pacemaking is not being carried out at an optimum rate.
The most important complication arising from the nature of the disease is the cerebral embolus associated with mitral valve disease, especially stenosis. It is important to remember that the great majority of these strokes recover completely.
Mitral valvotomy reduces the incidence of this complication but unfortunately it may be produced by the operation itself. It is of interest that most of the cerebral emboli occurring in association with mitral valvotomy do not occur during the operation but in the succeeding few hours. The replacement of the mitral valve with a prosthesis leaves the patient liable to this complication as does replacement of the aortic valve, so that long-term anticoagulant therapy is necessary to reduce the frequency of emboli. It is one of the advantages of homograft replacement of the aortic valve that it is not associated with embolization.
During the intracardiac procedure systemic emboli may be produced when calcified valves are being removed. As this frequently has to be done with bone-nibbling forceps it is very easy to drop fragments of the crumbly material into the left ventricle. Only a proportion of patients are subject to this risk but all patients who have an open cardiac operation involving the left side of the heart may have air left within the chambers. This may result in extremely severe cerebral damage, so that it is obvious that the patient cannot survive, but more often it gives rise to the syndrome that we occasionally see. When there is good reason to believe that air has not been left in the heart it is presumably associated with the use of the pump oxygenator. The patient appears to wake up after the operation but after an interval of anything from a few hours to two days has a fit and becomes unconscious. The fit may be of jacksonian type with twitching spreading to involve the whole body, with all the appearances of grand mal. The physical signs are extraordinarily variable, ranging from utter flaccidity to complete spasticity with superimposed abnormal athetoid movements on one or both sides. These signs vary not only from patient to patient, but in the same patient at different times. Despite the sinister appearance most of these patients recover completely. There appear to be no associated 46 856 Proc. R. Soc. Med. Volume 60 September 1967 32 changes in the composition or pressure of the cerebrospinal fluid. The period of recovery and its nature are very variable. A child can appear quite flaccid with dilated pupils and wake up suddenly with complete return to lucidity in a matter of a few minutes. Conversely the patient may remain unconscious for more than two weeks and gradually wake up over a period of many days. Occasionally there may be residual hemiparesis. Fortunately recovery from this state appears to be complete in the great majority of cases and children have shown no deterioration in their ability at school. It is therefore important to treat this complication with expectation of recovery for a long period. This also applies to the unconsciousness following cardiac arrest although failure of the patient to awake after such an incident has a much more serious outlook.
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Neurological Complications of Chronic Respiratory Disease Neurological complications of disorders of respiration, rather than of diseases of the lung, will be discussed. Thus cerebral metastases, tuberculomata or cerebral abscess are not included, but only those syndromes which are associated with chronic respiratory insufficiency. These are usually associated with chronic bronchitis and emphysema, but in fact it is longstanding inadequate pulmonary ventilation which matters, whatever the cause. Neurological manifestations appear, therefore, in chronic bronchitis and emphysema; after extensive chest surgery such as thoracoplasty, if the other lung is also affected; in chronic fibrotic lesions of the lungs; and with such mechanical defects as severe kyphoscoliosis. To these must be added muscular disease, such as myasthenia gravis or poliomyelitis, where chest muscles are affected. Though the word 'chronic' has been used repeatedly, perhaps the most dramatic clinical pictures occur when acute disease, such as an infection, is superimposed upon a chronic disorder, aggravating impaired ventilatory capacity.
There are three main groups of neurological symptoms and signs: raised intracranial pressure; disturbance of consciousness or mentation; involuntary movements. Raised intracranial pressure: In emphysema the intracranial pressure usually is normal, but if an acute infection supervenes the pressure rises sharply (Westlake & Kaye 1954). Inhalation of CO2 causes a rise in the intracranial pressure in normal individuals. In chronic emphysema, how-ever, it will be raised by inhalation ofeither carbon dioxide or oxygen. Several possible factors might explain this risevenous congestion, increased cerebrospinal fluid formation, cerebral cedema, or a direct effect of the CO2. The rise is seen in the absence of obvious venous congestion; the pressure falls so rapidly when inhalation ceases that it can hardly be due to a sudden cessation of increased cerebrospinal fluid formation, and the same applies to cerebral cedema. Carbon dioxide, however, is known to dilate cerebral vessels and the rise in normal subjects may well be due to the direct effect of the CO2.
With ventilatory insufficiency, however, this CO2 effect is present if there is hypercapncea, but right heart failure and venous congestion are often present, as well as polycythmmia. All the signs of intracranial hypertension have been found in the absence of obvious venous congestion, and in the absence of polycythamia, and it seems that these, though often present, are not necessary for the syndrome. There is some dispute about this, however, and venesection may considerably improve some patients (Chrispin 1962 ). The answer probably is that there may be more than one of these factors at work in many patients.
The symptoms consist of headache, often troubling the patient when lying down at night; waking him from sleep; and present on first waking in the morning; not as a rule accompanied by vomiting. Examination of the fundi in the milder cases shows merely a darkening of the background, followed later by tortuosity and engorgement of the retinal veins,' passing on to frank papilleedema with hwmorrhages, very like that seen in other types of raised intracranial pressure. Cameron (1933) first described this, and in his case the swelling was so severe as to lead to consecutive optic atrophy. The occurrence of retinal venous engorgement in emphysema has been known since the latter part of the nineteenth century (Mackenzie 1882). Disturbance of consciousness: The second group of patients are those who show fluctuating mental disturbances, ranging from drowsiness and confusion to serious disturbances of behaviour and to coma. The patients may be admitted in this state, so obscuring the respiratory abnormality. The coma differs from that due to tentorial herniation resulting from a cerebral tumour (a diagnosis usually suspected if papillkdema is present as well) by the normal pupil reflexes and, of course, the absence of focal signs. The onset of symptoms is usually rapid, but their severity varies from hour to hour, and there has almost invariably been either an acute flare-up of infection on a background of chronic insufficiency, or bronchial obstruction, or misguided therapeutic enthusiasm.
The important factor in precipitating coma, once again, is the rapid decrease in an already
